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Resum
Este proyecto tiene como objetivo utilizar el programa gLAB para analizar los datos gen-
erados por unos receptores GNSS. El programa gLAB esta creado por el grupo de inves-
tigacio´n GAGE/UPC con el fin de dar una herramienta de fa´cil uso tanto a estudiantes
universitarios que quieran profundizar en los conocimientos del GPS como para los pro-
fesionales que necesitan un posicionamiento preciso. En este trabajo explicaremos las
principales funcionalidades del programa tanto de una forma teo´rica como a trave´s de
ejemplos donde se explicara´ co´mo hacer el posicionamiento preciso de receptores GPS.
En este documento tambie´n se puede encontrar el ana´lisis de las diferentes fuentes de
error que provocan que el sistema GPS no sea todo lo necesariamente preciso para que
pueda ser utilizado para fines aerona´uticos tales como el posicionamiento correcto de
una aeronave o para ayudas tanto para el despegue como para el aterrizaje. A lo largo
del trabajo se han realizado varios experimentos con los procesamientos SPS y PPP para
localizar una estacio´n terrena con una estrategia de posicionamiento esta´tica, y se ha
seguido la ruta de una aeronave ligera con un receptor GPS. Para este u´ltimo caso se
ha utilizado una estrategia de posicionamiento cinema´tica. Por u´ltimo se explica co´mo
graficar las rutas tanto de un sate´lite como de un avio´n con el programa Google-Earth.
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Overview
The main aim of this project is to use the gLAB program to analize the data generated
by some GNSS receivers. The program gLAB was created by the GAGE/UPC research
group, with the purpose of offering an easy to use tool to the students who want to get
more deep knowledge on GPS, as well as to professionals who need precise positioning.
In this project we will explain the program’s main characteristics in a theoretical way and
through examples where it is explained how to get a precise positioning of GPS receivers.
In this document we can also find the analysis of the different sources of error that make
the GPS system not so precise to be used in aeronautical fields, such as to know the
correct positioning of an airplane or to take off and landing guidance. Along the project I
have carrier out a series of experiments with the SPS and PPP processing strategies to
localize a ground station with a static strategy, and the route of a light aircraft with a GPS
receiver has been followed. For the latter case a kinematic positioning strategy was used.
To end up we explain how to plot these routes using Google-Earth.

A mis padres.
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1INTRODUCTION
At the beginning of the aviation all flights were carried out under visual flight rules and
the only reference valid to the pilots was the terrain. As the years passed by, the human
being realized that knowing the real position in aviation was a keystone. The first instru-
ments used to navigate were the same that were used by the ships in their larges journeys
across the ocean like sextants and compasses. Nowadays, the airplanes get their guid-
ance through beacons which are located on ground broadcasting a radio signal that the
plane receives and obtains from it its relative position regarding the transmitter.
Today we are able to provide much more accurate positioning using GNSS satellites, such
as GPS or Galileo, but there are some handicaps we have to overcome to provide the
signals of these systems in the most secure way. The GPS have been highly developed
for military purposes, but their several uses and challenges are generating great interest
in the civil context nowadays. This project comes out from the necessity of using GPS to
determine the real position of an airplane to make the navigation and all the flight phases
easier for the pilot. The aim of this work is the processing of data from the GPS global
navigation satellite system using gLAB, a program developed by gAGE/UPC.
During this project we will carry out a series of experiments using both the data of a LEO
satellite and an airplane, where we will learn how to use the gLAB tool to make the precise
positioning of the GPS receivers. These experiments will show us the importance of having
a good quality receiver and how to process the data from it. Using the results thrown by
these experiments we will analyze the different sources of error in GPS and how we can
try to solve them in order to get the most accurate signal and therefore the most realistic
positioning. We also will learn that there are two basic types of processing strategies for
GPS signals, the Standard Positioning Service (SPS) and the Precise Point Positioning
(PPP). Each one of these has its advantages and disadvantages that will be treated along
the experiments where them took part in.
In this project we will work with static ground stations, with an airplane, and with a satellite
orbiting in a LEO orbit (GRACE-A), and we will apply both kinematic and static positioning
strategies that will be explained during the experiments. Since there are two different
strategies we will also comment the advantages and disadvantages of each one, and in
what cases we can use one or the other.
The project here presented is organized in the following way. In Chapter #1 we can find
basic concepts and the theory is introduced to place the project into context. After that, in
Chapter #2 we can find the methodology, where it is explained how the work was done and
how gLAB works, such as all the possibilities that the program offers us to achieve good
positioning. Next to that, Chapter #3 contains the experiments we have carried out and the
explanation of the results we got from these experiments. Finally, Chapter #4 summarizes
all the work and contents the conclusions and the reasons for the results of the previous
experiments and which are the best choices in each case.
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CHAPTER 1. THEORY
1.1. History
Satellite navigation is a method employing a Global Navigation Satellite System (GNSS)
to accurately determine the position and time on a point near the Earth surface. The
satellite navigation system most commonly used is the GPS system, and it is currently
used by civilian uses, both individuals and businesses, and by military users for positioning
and navigation with less than 10 meters of error. Using a GNSS system we can obtain
important values for determining the exact position, these values are:
1. Exact longitude, latitude and altitude.
2. Exact Universal Time Coordinate (UTC).
Speed and direction of travel can be derived from these values, whose equations are
obtained from satellites orbiting the earth.
Figure 1.1: Scheme of satellites and bearings
The first GPS satellite was launched in 1973 as NAVSTAR-GPS by the Department of
Defense of the USA (DoD) to provide Earth positioning to its soldiers. At the beginning the
system was not very accurate, and you only could get a good signal quality if you were
static at one point.
Between 1978 and 1986 there were developed and launched eleven experimental GPS
satellites and since then these satellites have been replaced by new generation (and im-
proved) satellites until completing the current constellation. The GPS system is totally
available since April 1995.
The civilian signal Standard Positioning Service (SPS) can be used freely by the general
public, while the military signal Precise Positioning Service (PPS) is available only to au-
thorized users, normally associated to the Department of Defense. It is planned to have up
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to 32 operational satellites orbiting the Earth at an altitude of 20,180 km in 6 different or-
bital planes. The orbits are inclined 55 degrees to the equator, ensuring at least 4(one per
each dimension, latitude, longitude, height and time) satellites are in radio communication
with any point on the planet. Each satellite orbits the Earth in approximately 12 sidereal
hours (11h 56 min) and has four atomic clocks onboard.
Figure 1.2: Scheme of satellites
The function of the atomic clocks installed inside the satellite is to maintain synchronized
signals between them or in the communication with Earth, which are transmitted over the
same frequency 1575.42 MHz.
1.2. Operational principles of GPS system.
The Constellation of satellites GPS was created to determine the real position of any re-
ceiver on Earth (even if the receiver is installed on a ship or is onboard a plane). This
position is given using four coordinates: latitude, longitude, height and time (x, y, z and t)
using as minimum four satellites, one per coordinate.
Each one of these satellites transmits all the necessary parameters to determine their
exact position, and the real time (time onboard the satellite). All of this information is sent
through the frequency 1575.42 MHz also known as L1, for civilian users. To determine the
real distance between the user and the satellite, the system uses the formula:
DISTANCIEuser satellite = travellingtimexC (1.1)
But it is important, in order to determine the real distance, that the satellite’s clocks and the
receiver’s clocks should have the same time, they have to be coordinated. The problem to
coordinate the clocks resides in the clocks located on Earth (receiver clocks), the reason
is that meanwhile the clocks onboard the satellites are high accuracy clocks, and only can
be delayed one second every million of years, the clocks on Earth are a low quality clocks
so it is very easy to be delayed. This is the quality difference what makes the time between
the clocks is not synchronized and generates positional errors.
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The distance calculated when the clocks are not synchronized is also known as pseu-
dodistance. This is the reason we need the fourth coordinate, Time, given by a fourth
satellite, because the deviation on the receiver’s clocks generates one more incognita to
the three we had before, latitude, longitude and height. So, mathematically speaking, we
need at least an equation per each incognita we got, we have four incognita, so we need
four equation, and the equations are given by the satellites, each satellites give us one
equation.
1.3. The Time and reference system.
1.3.1. Time
There are plenty of time references based on different processes related to Earth rotation
or celestial mechanics among others. The next table summarizes the most important.
Periodic phenomenon Time
Earth rotation Universal Time (UT0, UT1, UT2) and Sideral time .
Earth revolution Terrestial dynamic Time (TDT) and Barycentric Dynamical
Time (BTD).
Atomic oscillators International Atomic Time (IAT), Universal Coordinated
TIME (UTC) and GPS Time (GPST).
Table 1.1: Different Time models
1.3.2. Reference system
GPS time is the reference time used in GPS applications. The origin epoch is 00:00 UTC
from 5th to 6th January 1980.
Satellite coordinates and user receivers must be expressed in a well defined reference
system. The conventional terrestrial system, also known as ECEF (Earth Centered Earth
Fixed System) is the most used. It has its origin on Earth’s mass center.
The ECEF uses, as Earth model, the World Geodetic System released on 1984 (WGS-84),
its characteristics are:
Semi-major axis of the ellipse 6 378.137 Km
Semi-menor axis of the ellipse 6 356.752 Km
Flattering factor 1/298.25723563
Earth angular velocity 7 292 115 x10−11 rad/s
Gravitational constant 3 986 005 x10−8m3/s2
Table 1.2: Parameters of WSG-84
In Geodesic these ellipsoids and reference system are also named DATUM.
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Figure 1.3: Reference System CTS
1.4. Positioning using GPS
As we said before, the GPS constellation transmits all the necessary parameters to deter-
mine the exact position (the three coordinates) besides a time signal. Once the receiver
gets these signals is capable to calculate the distance between the satellite and itself.
Combining the information sent by four satellites the receiver calculates its position. To
explain the way the satellite gets the real position we do a simil with a ship and three
lighthouses. The lighthouse one, sends acoustic signals at regular intervals each minute
and intense enough to be heard some kilometres away. In the sea there is a ship with a
clock on board perfectly synchronized with another clock installed in the lighthouse. The
Captain on the ship, hears the sound produced by the lighthouse exactly 20 seconds after
it is produced. These 20 seconds correspond to the propagation time of sound from the
lighthouse (transmitter) to the ship (receiver). So, if we want to know the distance between
them, we have to multiply the time (20 sec) times the speed of sound (v= 330m/s), and
we obtain that our ship can be anywhere in the track generated by a circumference with
a radius of 6600 meters. To be more accurate we need a second lighthouse, the ship
position will be given by the intersection of the two circumferences generates as the first
one, and centered on those lighthouses, the radii of these circumferences is determined
by their relative distance to the ship measured through the acoustic signals produced. In
the case where we have a second lighthouse the ship can be just in two positions, any
of the two points generated by the intersection created by the two circumferences. If we
want to determine the real position of our ship, we need a third lighthouse so the ambiguity
will be solved, and the circumference generated by it will give us only a intersection point
(where all of the three circumferences intersect).
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Figure 1.4: Image that ilustrates the problem of the three lighthouses
Although the preceding example corresponds to a two-dimensional case, the basic princi-
ple is the same in the GPS system:
1. In the case of the lighthouses, we assume their coordinates are known. In the case
of the GPS satellites, have to be calculated.
2. In the GPS positioning, as well as in the example, distances between receiver and
satellites are calculated using the propagation time of a signal from the satellite to
the receiver.
In the instance explained above we consider, in our ideal situation, that the clocks are
perfectly synchronized, but in a real case, this is nearly impossible. A synchronism error
between the clocks will produce a mistake on the measurement of signal propagation time
and, therefore, a mistaken value of the distance between them. In this case, we will obtain
a situation that looks like the next figure where the three circumferences do not intersect
each other at the same point, but in an uncertain region where the solution is placed.
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Figure 1.5: The problem of synchronism clocks
1.5. Calculus for positioning
To obtain the position through a GPS receiver, this has to receive the signal from 4 satellites
(Sat1. . . Sat4) and has to be capable to calculate the travel time for the signal (∆t1 . . .∆t4).
The calculus are done in cartesian format, a tridimensional coordinate system with its
origin on the Earth’s center. The distance between the user and the satellite R1,R2,R3 y
R4 can be determined by the travelling time of the signal ∆t1,∆t2,∆t3 and ∆t4.When the
position Xsat ,Ysat y Zsat of the satellites are known, the coordinates where the user is, can
be calculated using a system of equations.
The average distance from the receiver to the satellite is named pseudodistance (PSR),
because it contais time errors, among others.
We are showing the necessary operations to calculate the position of the receiver, taking
into account the bias produced by the clocks (∆t0) during the pseudodistance calculus.
∆tmeasured = ∆t +∆t0PSR = ∆tmeasured ∗ c = (∆t +∆t0)∗ cPSR = R+∆t0 ∗ c (1.2)
where:
R: Real distance between user and satellite c: Speed of light ∆t: Travelling time between
satellite and receiver ∆t0: clock’s bias PSR: pseudodistance The distance between satellite
and receiver could be calculated in the cartesian system as follows:
R =
√
(Xsat −Xuser)2 +(Ysat −Yuser)2 +(Zsat −Zuser)2 (1.3)
To determine the four unknown variables (∆t0,Xuser,Yuser y Zuser), we need four indepen-
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dent equations. The formula 1.4 is valid for all of our satellites (i= 1 . . . 4):
PSRi =
√
(Xi −Xuser)2 +(Yi −Yuser)2 +(Zi −Zuser)2 +∆t0 ∗ c (1.4)
1.5.0.1. Equation linearization
The four equations extracted from the formula 1.4 produce a non lineal equation system.
To avoid this problem, we will use the first part of the taylor’s series.
Taylor’s series:
f (x) = f (x0)+ f
′(x0)
1!
∗∆x+ f
′′(x0)
2!
∗∆x2 + . . .
︸ ︷︷ ︸
Too small values, vanished
(1.5)
Taylor’s series on a tridimensional system:
f (x,y,z) = f (x0,y0,z0)+(∂ f∂x )
∣∣∣
0
∗∆x+(∂ f∂y )
∣∣∣
0
∗∆y+(∂ f∂z )
∣∣∣
0
∗∆z (1.6)
To linearize our system of equations, we need to know an estimated position of our receiver
(xest ,yest ,zest ), which usually is the last known position of it.
Then, to figure out the real position (x,y,z) from the estimated position, we need to calculate
the variables ∆x,∆y y ∆z:
Xreal = Xest +∆xYreal = Yest +∆yZreal = Zest +∆z
On the other hand,the distance (Rest ) between the estimated position of the receiver and
the satellite is:
Resti =
√
(Xi −Xest)2 +(Yi −Yest)2 +(Zi −Zest)2 (1.7)
Using the taylor’s series with the formula 1.4 we got:
PSRi = Resti +(
∂Resti
∂x )∗∆x+(
∂Resti
∂y )∗∆y+(
∂Resti
∂z )∗∆z+∆t0 ∗ c
Solving the partial derivatives:
∂Resti
∂x = [
1
2∗
√
(Xi −Xest)2 +(Yi −Yest)2 +(Zi −Zest)2
]∗2∗ (Xi −Xest)∗ (−1) =
Xest −Xi
Resti
∂Resti
∂y
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Once solved we obtained::
PSRi = Resti +(
Xest −Xi
Resti
)∗∆x+(Yest −Yi
Resti
)∗∆y+(Zest −Zi
Resti
)∗∆z+∆t0 ∗ c (1.8)
1.5.0.2. Resolution of equations
Once we got the equations from the first satellite to the fourth, we can find the four variables
(∆x,∆y,∆z y ∆t0). To do that, we write the equation on a matricial way.
∣∣∣∣∣∣∣∣
PSR1 −Rest1
PSR2 −Rest2
PSR3 −Rest3
PSR4 −Rest4
∣∣∣∣∣∣∣∣
=


Xest−X1
Rest1
Yest−Y1
Rest1
Zest−Z1
Rest1
c
Xest−X2
Rest2
Yest−Y2
Rest2
Zest−Z2
Rest2
c
Xest−X3
Rest3
Yest−Y3
Rest3
Zest−Z3
Rest3
c
Xest−X4
Rest4
Yest−Y4
Rest4
Zest−Z4
Rest4
c

∗
∣∣∣∣∣∣∣∣
∆x
∆y
∆z
∆t0
∣∣∣∣∣∣∣∣
Isolating ∆x,∆y,∆z y ∆t0:
∣∣∣∣∣∣∣∣
∆x
∆y
∆z
∆t0
∣∣∣∣∣∣∣∣
=


Xest−X1
Rest1
Yest−Y1
Rest1
Zest−Z1
Rest1
c
Xest−X2
Rest2
Yest−Y2
Rest2
Zest−Z2
Rest2
c
Xest−X3
Rest3
Yest−Y3
Rest3
Zest−Z3
Rest3
c
Xest−X4
Rest4
Yest−Y4
Rest4
Zest−Z4
Rest4
c


−1
∗
∣∣∣∣∣∣∣∣
PSR1 −Rest1
PSR2 −Rest2
PSR3 −Rest3
PSR4 −Rest4
∣∣∣∣∣∣∣∣
The values found ∆x,∆y,∆z y ∆t0 are used to recalculate the estimated position (Xest−new,Yest−new,Zest−new)
and are introduced into the equation 1.9:
Xest−new = Xest +∆xYest−new = Yest +∆yZest−new = Zest +∆z
This new estimation can be taken as the new real position if the initial position is not too
far (hundreds of kilometres) from the real position.
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CHAPTER 2. METHODOLOGY
2.1. How the program works
The program used during the whole project is the GNSS LAB (gLAB) software, a platform
created by the research team gAGE/UPC. The program arises from the necessity to create
an open source platform to process data from GNSS. The gLAB software tool is quite
flexible, able to run under Linux and Windows operating systems and it is provided by ESA
through its website.
The initial screen of the program is:
Figure 2.1: gLAB’s main screen
In this screen, two main tabs may be found:
Positioning
This tabs interfaces with the DPC tool that allows selecting the different processing options.
INPUT: It is the link between the input data and the rest of the program. This module
implements all the input reading capabilities and stores data.
PREPROCESS: This section processes the data. It checks for cycle-slips, pseudorange
carrier phase inconsistencies. It’s the lab were all the signals are treated and where we
have to choose the set up for the experiment.
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MODEL: This module contains all the functions to fully model the receiver measurements.
As said, it implements several kinds of models, which can be enabled or disabled at will.
FILTER: Here we can manipulate a fully configurable digital filter, and we obtain the esti-
mations of the required parameters.
OUTPUT: This section outputs the data obtained from the FILTER in the extension the
program is able to work, normally “.out”
Analysis
This tab allows to select the plotting options. Among the templates we can find here, during
this project we only work with the template “NEU positioning error” because it is what fits
better to our necessities. In the second part of the project we did not use any template,
instead we configured the plot to fit our needs.
The initial screen for the analysis is:
Figure 2.2: Analysis’s main screen
NEU position error : The NEU position error template sets the options to print the three
components (North, East and Up) of the error of the receiver positioning obtained by the
filter. This error is computed by the difference between the direct filter estimation and
the apriori receiver position in the Input section. Thence, in order to obtain reliable error
estimation this apriori position should be precise.
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2.2. General software characteristics
This tool performs a precise modelling of the GNSS observables, pseudorange and carrier
phase, at centimetre level. The gLAB software is able to reading a variety of standard
formats like RINEX, SP3, ANTEX and SINEX files, among others. Moreover, functionality
is also included for GPS, Galileo and GLONASS, allowing to perform some data analysis
with real multi-constellation data. The tool is programmed in C and Python languages and
is divided in three main software modules:
1. The Data Processing Core (DPC):The DPC is the processing tool of gLAB, and it
has been programmed in C with special care for the following objectives:
(a) Easy to use for an advanced user.
(b) Modularized, in order to incorporate future updates.
(c) Optimized for CPU and memory usage.
It is also worth mentioning that the DPC also can read the processing options from
a configuration file, allowing easy repeatability of results as well as automatic batch
processing.
2. The Data Analysis Tool (DAT):The DAT is an advanced plotting utility prepared to
graph different combinations of columns taking into account several user-defined
conditions. The DAT, as the DPC, is highly configurable with multiple options avail-
able to set scale, titles, ranges, styles, colours, plotting conditions, etc. An important
additional feature of DAT module is the capability to output multiple image formats,
including png, jpeg, pdf, eps, svg, among others.
3. The Graphic User Interface (GUI):The GUI is an interface between the other two
components (DPC and DAT). It allows the user to change the parameters, and exe-
cute the other two programs with the proper arguments.
The DPC implements all the data processing algorithms and can be executed either, in
command line or with the GUI. The GUI consists in different graphic panels for a user
friendly managing of the SW and the tool configuration. They provide all the options to
configure the model and navigation. The Data Analysis Tool provides a user friendly envi-
ronment for the data analysis and results visualizing.
2.3. How the work was done
Along the whole work, has been followed the same methodology on each experiment
carried out. To do the experiments we used the program gLAB, from gAGE/UPC. On
this program we compute all the data necessary to establish the comparison among all
the graphics given by the program, as well as is used to change the parameters that the
program takes to do the calculus. During the first part of the work, we use the program with
pre-established parameters to get used to and learn all the functionalities. Even working
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with that kind of files, there are a lot of conclusions we can obtain from them, and are also
reflected on chapter 3. During the second part, all the calculations were using real data,
obtaining from real situations, such as real flights for kinematic calculus and from ground
stations for the statics. The satellite receiver used for obtaining the plots was installed in a
Robin DR-400-140B, a light aircraft.
Figure 2.3: Robin DR-400-140B
General characteristics:
1. Capacity: 4
2. Length: 6.96 m (22 ft 10 in)
3. Wingspan: 8.72 m (28 ft 7 in)
4. Height: 2.23 m (7 ft 3 in)
5. Wing area: 14.20 m2 (152.85 ft2)
6. Empty weight: 600 kg (1323 lb)
7. Gross weight: 1100 kg (2425 lb)
8. Powerplant: 1 x Lycoming O-360-A flat-four piston engine, 134 kW (180 hp)
Performance:
1. Maximum speed: 278 km/h (173 mph)
2. Range: 1450 km (900 miles)
3. Service ceiling: 4715 m (15,470 ft)
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On both cases, the performance has been exactly the same, as first step; we introduce
the files in the program and then we change all the parameters we want to considerer on
the try, this parameters could be from the kind of measures we want (SPS or PPP) to the
number of potential satellites (we can do that changing the mask) with what we want to
work. Once did that, the next step to follow is running the program and plotting the results,
doing this is a very short procedure, except when we have to change the extension of the
file generated from “.out” ( by default) to “.sp3”.Using the plots generated through these
steps we can compare the results of the changes did before. All the conclusions are inside
this paper and will be discussed and analyzed as well as will be explained the procedure
followed to get them.
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CHAPTER 3. EXPERIMENTS
During this section we will explain the several experiments carried out during the project.
In this chapter we will also present the preliminary conclusions extracted from the results
of these experiments, and we also explain the way we got the results and how the gLAB
software works.
The experiments have been divided into two blocks. The first block consists of the exper-
iments done just with the data from the LEO satellite, and the second block contains the
experiments where we try different strategies to process the GPS data from an airplane.
3.1. Satellite Data
Some experiments inside the section named “satellite data” are based on the data picked
up from a ground station located near the city of Madrid.
3.1.1. Experiment 1: Single Frequency with broadcast orbits and clocks.
Introduction
There are two types of signals, single frequency and dual frequency. The single frequency,
the signal used in this experiment, is used when we want to take into account the Iono-
sphere and the interferences generated by it. The data for the experiment will be only two
files, with all the information needed to work with it. These data files are RINEX observa-
tion file and RINEX navigation file. The navigation file is always used in orbits and clocks
source. And in this case it will be broadcast, that means it is not precise.
Experimental setting
In this experiment there are several parameters we had to modify from the standard tem-
plate. This experiment is on SPS (what it means that is for civilian users) and the program
will calculate on its own the data necessary for the experiment, so, we do not add any
extra data, such as orbit data, speed data etc. The time between data recollection was 10
seconds, what it means that each 10 seconds, we obtain the data measured from satel-
lite. Since we want to know the effects of operation with atmosphere, we do not want an
Ionosphere or Troposphere correction, so we disabled it from the program on the label
“modelling”.
The result of the experiment can be seen in the figure 3.1:
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Figure 3.1: Error from a ground station for a single frequency
In the result, we can observe the errors induced by the atmosphere. In the graph above,
there is a particular data we can extract from it. During the first second, we can see the
three lines come from different values of error, in the north error, almost from 20 meters.
This is because the filter used (the hatch filter) does not converge yet. Once the data
converge, it will stay together during all the experiment, it has its reason in the way the
filter works.
3.1.2. Experiment 2: Dual Frequency with broadcast orbits and clocks.
Using a pseudocarrier code.
Introduction
In this experiment we will use the dual frequency method, what it means that the Iono-
sphere will not affect our results. It is the closest environment we can create in the program
to the real life.
Experimental setting
The setting up of the five experiments on this series is very similar to each other and
only varies few details related to atmospheric conditions or quality of signals. In this case,
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we only change the signal, instead of a single frequency we are testing now with a dual
frequency. Doing this we also can compare the differences of modelling with atmosphere
in front of not.
The graph extracted from the experiment is:
Figure 3.2: Error from a ground station for a dual frequency
We can appreciate that the preliminary values for the hatch filter reaches values higher
than 20 meters (for north error) and the solution is nosier than the previous one, this is
because as we uses two frequencies to run gLAB, the program computes them this way :
PC = f
2
1 P1− f 22 P2
f 21− f 22
=
aP1 −P2
a,−1
where a = 77
2
602
Therefore, considering that the noise on each signal is the same, we obtain:
σPc = 3σ
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3.1.3. Experiment 3: Dual Frequency with precise orbits and clocks.
Introduction
This time, we will change the calculus’ profile, now we are moving from the SPS template
to PPP template, much more accurate. We also need to add one more file, named ANTEX,
to input files where are all the data refereed to antennas. Since we change from broadcast
to precise, we need two more files, this is because in these files there are much more
information and we can calculate the position accurately. As in the other examples the
data declination will be 10 seconds.
Experimental setting
As we explained in the introduction to this experiment we need, overall, 3 new files to carry
on with this experiment. The main data file used for the third instance is extension “. 07o”
it is the RINEX observation file “.atx” for the antennas file and for the precision files the
extension used was “.sp3” and “.clk” for clocks.
It is also remarkable that all the option related with the antenna, such as phase centre error,
has been disabled to simplify the calculations. The phase centre antenna is eliminated
from the equation for the reason that the precise orbits, as in example 3, the data are
refereed to satellite centre of mass, if we take into account the phase centre we will commit
an error.
Figure 3.3: Error for a dual frequency with precise orbits and clocks
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As we can see in the image 3.3, this graph is much smoother than the previous two.
This is due to the precision files used and explained above. The reason for the great
difference between this graph and the others is because the broadcast orbits and clocks
have an accuracy of few meters, meanwhile, precise orbits and clocks are accurate at few
centimetres. On the other hand, the signal used is very precise, but ambiguous, this is,
we have a few millimetres of noise, but after we apply the bias, the error can reach even
kilometres.
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3.1.4. Experiment 4: Single Frequency, GRAPHIC combination with
precise orbits and clocks.
Introduction
In this new example, we will see what happen when we change from dual frequency to
single frequency; keeping the same set up from the third experiment, but adding a new
factor named GRAPHIC, the main function of this parameter is to remove the Ionosphere
error since we are working with atmosphere layers.
Experimental setting
Now, we are using the same procedure that during the third experiment but changing to
single frequency, with its known consequences, such as,it is a noisier signal, hence worst
accuracy.
For the setting up of the experiment, the GRAPHIC combination does not affect whatsoever
the routine followed until now. It only will notice the results of use it at the outcomes.
Figure 3.4: Error for a single frequency using GRAPHIC
Taking into account that the single frequency is synonym to say that the ionosphere does
affect us, here we have a very flat plot, because of the GRAPHIC which cancelled all
the errors induced by Ionosphere and Troposphere. However, these are an ambiguous
measurements due to it has a bias attached to all of the measures done by it.
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3.1.5. Experiment 5: Single Frequency, with precise orbits and clocks.
Introduction
In the last experiment in the series we will test the single frequency now introducing a new
item named P1-P2 correction. For the correct setting up we will need one more file (the
fourth) with extension “.07n”, what means that is a RINEX file.
Experimental setting
The setting of the experiment has been a bit different from the others, in all experiments
above, the program calculates by itself the receiver position, and this gave us the results
mentioned on each experiment but now, we do not calculate the position a priori, instead of
that, we gave to the program the real position of our receiver so it has not to be calculated.
Figure 3.5: Error for a single frequency with precise orbits and clocks
As we can see above, this solution is a combination of the two previous experiments. We
can also see that all the three lines follows a pattern, the reason for this effect is due to
the atmosphere and its bias error induced by Ionosphere. It is also visible that the hatch
filters converge much more later than in the first experiments, passed the second 45000,
this is due to the atmospheric delay, and the quality of the signal through the atmosphere.
This experiment is not as real as the previous ones, because in the real world, when we
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want to calculate the position of a receiver using a GPS system, the system does not know
where the receiver is at the time we switched it on and has to calculate the position from
the beginning, taking as the first position the last position known. In the case we are not in
the position where we lose the GPS signal( or turn the receiver off) it will take a long time
to re-calculate the real position again, not too much, but more time than if we were in the
same place where we turn the receiver off or the signal was lost.
3.2. Airplane Data
In this section we will able to discuss the results obtained from a real plane. The proce-
dure will be the same than before, but in this case using the real data generated by the
airplane. This sort of experiments have been made for applying the knowledge from the
satellite experiments to try to improve our signal and make the positioning more accurate
by changing all the parameters possible and compare among them.
3.2.1. Experiment 6: Single Frequency, with broadcast orbits and
clocks. Smoothed
Introduction
In this experiment we will work with a unique frequency instead of two. We also are going to
watch a new parameter, known as “pseudo-range smoothing”; the main aim of this option
is to clear up all mistakes in the calculus position and give us a more accurate prediction
with only few millimetres of error.
Experimental setting
In the first experiment in this series we extract the real path on a height to time and a
latitude-longitude-view of the flight of our plane but under particular conditions. For this
experiment the set-up of the conditions was a bit different from what we are used to. For
the first time we are using the smoothed pseudo-range filter, what it means is that the error
will be nearly zero. The data declination this time will be 10 seconds, as this number goes
smaller we obtain a higher number of samples.
To obtain graphically the height to time and latitude-longitude view of the flight path, we
also have to modify the output signals we get from gLAB, to do this, we have to go to
the section “Analysis” and ask for the same file (the file computed with gLAB using the
real plane data) two different plot lines that will be plotted on the same graph. To modify
the quality of signal, we have gone to filter and mark the option smoothed pseudo-range
filter. To see the kind of graphic we expect to see in this experiment we have also changed
the parameter to be measured. Differentially from the first experiments we do not want
to measured how noisy the signal is, instead of that, we want to plot the real path, so we
have to change the program to compute with height and time for the first plot and latitude
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and longitude for the second. The result for this experiment was two graphs one with the
latitude-longitude view and another with height to time view.
Figure 3.6: Height to time silhouette obtained from the receiver onboard the plane
As we can observe in the image 3.6 the plane was initially grounded and taxi between
38500 and 39500, more or less, the climbing starts close to 40000 and the descends
starts nearly 41000seg. The plane did two frustrated landing before the final landing. The
plane is grounded again from 42000 to 45500 seg, and then starts its climbing again until
pass 46000 and starts the final descending to its final destination.
In the image 3.7 we can be seen the trajectory followed by the plane from top view. We can
also see the frustrated done by the plane, the first of them was done to check the correction
of our GPS receiver and the second one because another plane was using the runway to
take off during the approach of our plane.Finally we can observe the final aproximation to
the second airport.
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Figure 3.7: Longitude-latitude silhouette
3.2.2. Experiment 7: Dual Frequency, with broadcast orbits and clocks.
Introduction
In this second experiment we will test the difference between the results smoothed in front
of those that were not. This will teach us how big the difference between them could be.
Exceptionally, only we will plot the height to time of the flight path, because is where the
difference is higher. Afterward we will make a comparison between the both experiments
and the entire conclusion will be exposed.
Experimental setting
The experiment is indeed very similar to the previous, in fact we only change the number
of signals with we are working, to change it we only have to activate that parameter in the
filter set up and run the program normally. As it is clearly seen in figure 3.8, in comparison
with the first path-plot, here the line is grosser than there, that is because of this signal is
noisier, and since, it is much more inaccurate than the other one. Since we are looking for
the best signal, we clearly choose the signal smoothed, because it has much less error in
comparison with the signal from the second experiment.
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Figure 3.8: Error generated for using dual frequency
Comparisons
The graph 3.9 is a general view of the two signals, the signal that was smoothed and the
other that was not. The picture was taken when the plane is landed at the airport, this way
we can see the differences between two kinds of signals. Even when the plane is stopped
is very difficult to get a flat output because of the signal (not smoothed) we are studying
has a lot of white noise. When we choose to work with the normal signal, we can see a
lot of ups and downs that make the output less accurate because it is practically impos-
sible to have this great variation on altitude in so little time. On the other hand, we have
the smoothed signal, in green, the outputs got is the average of the outputs of the other
signal, the ups and down are much more slower than the signal not smoothed. So working
with a smoothed signal is like working with a corrected one. So, if we want to get a good
positioning, we should use the smoothed signal, because is the closest to the real position
the receiver has. The blue line is the result when we compute with a single frequency (that
means with only a carrier) and with broadcast orbits & clocks. As we can see this signal
is not smoothed, what it means it has plenty of noise, so it is inappropriate to work with it
because produces several mistakes. In the figure 3.10, the green line is the same line than
blue, but smoothed, what it means that the error is corrected. We also can realize that the
green line is the average of the blue line, so there is a noise component in the green line
and is not as trustable as we want to. The red dotted line represents the Pseudo range
carrier. The signal loss is due to the satellite that has been following the receiver is hiding
(it can happen when the satellite goes behind a mountain, or simply for the Earth’s rotation
is in the counter direction to the satellite). When we lose the signal, immediately we seek
the best satellite available and start to work again.
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Figure 3.9: Comparison between a signal that has been smoothed in front of the same
signal not smoothed
Figure 3.10: Comparison between signals and the leaps of the satellite
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3.3. Masks
Now, we will introduce the new concept which is based in the following experiments, the
mask concept. As we learnt in the previous experiments each detail is important when
we want to change the quality or the accuracy of our signal. But there is a parameter
we have not spoken yet. The mask is an option that allows us to choose the number of
satellites we want to work. We are able to choose the number of satellites by changing the
mask degree we are working, as we rise the degrees of the mask, the number of satellites
waning, this action means that the satellites we are vanishing are the satellites that are
sending the worst data to compute the positioning. That is the reason because we have to
look for the correct angle for the mask to work to obtain the most accurate measurements.
Normally all GPS devices works with a 15 degrees mask, because this way they despise
the worst satellites. Working with a 15 degree mask the number of satellites available
to work decreases, but the average quality of the signal improves because the satellites
remaining are high enough to avoid geographical interferences such as mountains. The
satellites eliminated also were those by its position in the horizon, too low, will be difficult
to obtain its signal and the quality of it will be low. So, eliminating a selected number of
satellites the receiver will have less work to do.
Figure 3.11: How the mask works
For instances framed into this series of mask experiments the data files used to generate
the graphs is the data given by a route of the real plane. So, the main path that the plots
will show us is the same plotted in the experiments above and we only will work with
the accuracy of the signal by changing the mask. As we can see in the graph 3.12, the
silhouette is the same, that is the confirmation we did the experiment well, but there is a
big detail that highlights on the picture, when we choose 45 degrees mask there is a leap,
this is because the receiver onboard the plane lost the signal, and the points joined by the
soft blue straight line is the last point where we had satellite coverage and the first point
where we got it again. This loss of coverage can be because as we are working with a
high degree mask, the number of satellites is small (although the signal quality is high),
since there, these satellites could be eclipsed by the mountains or the signal reception for
45 degrees is not good enough to compute the data in a right way.
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Figure 3.12: Height to time graph using different masks
3.3.1. Experiment 8: Single Frequency, with broadcast orbits and
clocks.
Introduction
In this experiment we will see how the angle of the mask influences the quality of our
signal. This is the first experiment in a new series where we will compare all the differences
between the masks and the kind of signals used for positioning.
Experimental setting
The first step we took to do the experiment was to configure the program in the way we
want to meet our request. To do so, we only have to go to the tab called Preprocess
and choose the elevation mask degree we desire under the accomplishment of the other
parameters explained during the setting up of the satellite and real data experiments.
In the graph 3.13, we can see the different signals obtained for a same moment only
changing the mask we are working. Obviously this signal has not been smoothed yet so
they had a lot of ups and downs. The difference between working with 35 or 45 degrees is
unappreciated until we arrive at the particular point where the signal of 45 degrees is lost.
In the graph 3.14 can be seen the same graph as 3.13 but this time smoothed. Like in the
other graph smoothed when we put them in front of the graphs that was not the first factor
we can observe is the number of ups and downs is much smaller and the soft line in the
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Figure 3.13: The differences between the mask
Figure 3.14: The differents mask with smoothed signlas
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smoothed graphs is the average points of the normal ones.
3.3.2. Experiment 9: Dual Frequency, with broadcast orbits and clocks.
Introduction
In this experiment we will test, as the previous ones in this category, the differences be-
tween the signals and the mask degrees. In this experiment the graphs are taken when
the plane is flying and can be disturbed by the natural plane movements.
Experimental setting
The experimental setting up for this experiment consists changing the number of signals
from one signal to two signals. It is a SPS so its level of error is higher than when we work
with PPP. The next graph is a combination of all the graphs done during these experiments
and put together in the same plot to allow us to compare them and discuss the differences
between the mask used.
The graph obtained is:
Figure 3.15: Differents paths for differents masks
In the graph above we can see the low variations of the different mask used here. The
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plots of masks of 15, 25, 35 degrees follows the same path and only the mask of 45 de-
grees is which has a different track. It could be because the quality of the signal received
from the satellites is a poor quality signal and it has a large amount of errors that makes
our receiver to plot this track.
3.4. Plotting in Google earth
To end up this chapter, we will explain how to plot the graphs obtained with the program
gLAB in Google Earth to see the real trajectory of the satellite and the plane.
3.4.1. General files
To plot the track of our data in Google Earth is necessary to put together three different
files, the head, the body and the tail, only this way Google Earth can read the file and
show us the trajectories. We need to generate these files because the program only reads
files with extension “.kml” and the gLAB generates files extended as “.out”, so we need to
translate the files from gLAB to Google Earth to plot the trajectories.
3.4.1.1. The head
The head is the first file we have to write. When we initializate Google Earth and tell it to
open a new file to plot the program will start to read the file by the head. It is a default file.
3.4.1.2. The body
The body is the part where we have to attach the file generated by the gLAB program,it is
where all the data collect from the satellite is printed, so, the plot showed by Google Earth
will depend basically on this part of the file. If we attach a satellite data file, the program
will plot the trajectory of the satellite.
3.4.1.3. The tail
Here is where we have to write the exit data file. The program will start reading by the
head continuing by the body and the final part of the file to be read will be the tail. Here
are all the parameters necessary to avoid a malfunctioning of the program.
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Satellite tracking
Once we have done all the processes necessary to plot correctly the graph in Google Earth
the result for the satellite is:
Figure 3.16: The satellite’s track
Plane tracking
For the real data of the plane we have got the pictures 3.17 and 3.18:
In the image 3.18 we can see the error generated by the receiver. In the image we can see
how, according to the program, the plane taxies on the grass and faces the runway next to
it, this is clearly impossible, and obviously the plane took off and taxied correctly, but the
data generated by the receiver throw some error to the real position.
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Figure 3.17: The route followed by the plane
Figure 3.18: The error on GPS positioning
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CHAPTER 4. CONCLUSIONS
The main objectives proposed at the beginning of this paper have been fully accomplished
along the whole project. We are now capable to understand how the GNSS data is pro-
cessed using gLAB and how to use the program. Analyzing the results of the exercises
done along the project we now know how to configure the receiver to obtain the signal we
want to study, how to use the program and the adequate parameters to analyze the data
and figure out how the environment affects the signals and GPS receivers.
On the development part of this paper we have carried out several interesting experiments,
and each experiment has its own conclusions as explained below.
4.1. General conclusions
For SPS
The Troposphere is the atmospheric layer placed between Earth’s surface and an altitude
of about 60 km. The effect of the Troposphere on GNSS signals appears as an extra delay
in the measurement of the signal travelling between the satellite and the receiver. This
delay does not depend on the frequency.
Instrumental delays are associated to antennas and cables, as well as the different filters
and circuitry used in receivers and satellites. They affect both the code and carrier mea-
surements and they can affect up to few meters. Also, we can generate an error if we do
not adjust well the distance between the antenna and the phase centre in the satellite.
Regarding the ionosphere, dual frequency users can cancel these delays by using the
ionosphere-free combination, while one-frequency users must use an ionospheric model
like Klobuchar’s in order to mitigate this effect.
For PPP
Carrier phase measurements are precise but ambiguous. What this means is that that
they have a noise of a few millimetres but also have an unknown bias that could reach
thousands of kilometres.
Carrier phase biases (or ambiguities) are estimated in the navigation filter along with the
others parameters such as coordinates or clocks offsets. If these biases are found, mea-
surements will be accurate up to few millimetres and they would be available for positioning.
However, it is needed to decorrelate such biases from the other parameters in the filter and
this takes time, and also the estimated values are not fully unbiased.
The solid tides don’t directly affect the GNSS signals, but if they are not considered, the
station coordinates would oscillate vertically and horizontally and could generate some
positioning errors (about 25 centimeters).
38 GNSS data processing using gLAB
4.2. For LEO satellite
When we worked with the satellite there were several things we had to take into account.
For example, according the relativistic laws of Einstein the time passes by more slowly
when we are closer to the centre of the Earth. The GRACE-A satellite and its clock is
affected by this, but it does not cause any kind of error to our position estimation because
this relativistic effect will affect all measurements in the same way, and it is absorbed into
the receiver clock estimation.
The GRACE-A satellite is orbiting at about 450 km from the earth surface, and as explained
before the troposphere has an altitude of about 60 km, thence there is no tropospheric error
affecting the measurements. On the other hand, we have another atmospheric layer, the
ionosphere, and it has its beginning where the troposphere ends and reaches an altitude
of approximately 2000 km. At about 450 km we can find in the ionosphere a high electron
density, just where our LEO satellite is orbiting, so we can experience a delay. HOwever, if
we try to correct this with the Klobuchar model that could produce more harm than benefits
in this particular case because that model is tuned for ground receivers.
After the general conclusions, now we will be detailing the conclusions related to the con-
crete experiments we carried out.
In the experiment #1 we could see large error peaks in the plots. These peaks are asso-
ciated to bad satellites geometries. We cannot forget that this satellite is moving at about
8 km/s and therefore its geometry changes rapidly. Also, the geometry is very poor when
the satellite is over the poles of the Earth.
In the experiment #2 we disabled the ionosphere estimation to see the difference. The
ionosphere-free combination of the pseudorange removes nearly 100% of the ionospheric
delays, but to do so, we need to combine two frequency signals P1 and P2.
In the experiment #3 we changed the types of ephemeris files we used for others that are
more precise, which allowed us to improve the accuracy until reaching errors of only of
a few centimetres. However, by using this “precise” files our signal became ambiguous,
which means that now we have an unknown bias and the error could reach kilometres. The
carrier phase biases are estimated in the navigation filter along with the other parameters
(coordinates, clocks offsets, etc). As we could see in the plots, we got large peaks. These
peaks are related to massive cycle-slips (when the coverage is lost) after each satellite
revolution (every 90 min). After each cycle-slip the filter has to restart and it needs some
time to converge again. If this would only happen to a single GPS satellite it would not
create a problem because we still have enough data for positioning, and the correspond-
ing ambiguity is recalculated quickly; the problem appears when this happens to a lot of
satellites because the filter has to start from zero and it spends more time recalculating
and this is there where the big errors are produced.
During the experiment #4 we could extract the conclusion that with the changes explained
in the introduction and in the experimental setting we lost accuracy because as we can see
in the plot regarding to this experiment the accuracy now is about centimetres instead of
millimetres. This effect is due to error induced by the ionosphere and the bias it produces.
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GLOSARY
SPS: Standard Positioning Service. To compute the data with this processing we need
the RINEX observation file from a ground station and the broadcast navigation message
for the same day. By default the declination is configured at 300 seconds, but in some
instances we had changed it to a less value to observe the behaviour of the receiver.
PPP: Precise Point Positioning. To run this kind of computing we need RINEX observation
files from a station, ANTEX file for precise satellite and receiver antenna data and SP3 file
for the same day. Is a method of positioning more precise than the SPS and it is used to
obtain exact coordinates.
UTC: Universal time coordinated, also known as civilian time. It is the reference time zone,
is the primary time standard by which the world regulates clocks and time. It is based on
International Atomic Time, differently from the others time zones which use the sun to
calculate its time, the UTC uses atomic clocks to measure it.
ECEF: Earth-Centered Earth-Fixed. It is the coordinate system used for all GPS applica-
tions. The reference system rotates with the earth. On this system the plane XY is located
on the equatorial plane of the earth, finding the X axis in the direction of the Greenwich
meridian and the Y axis is located at 90 degrees eastern from X axis. The Z axis is per-
pendicular to the plane created by X and Y axis. The origin is in the Earth’s centre of
mass.
Bias: We name Bias to the accumulative error, usually unknown in this project, that add
more errors each time we use it to calculate the position of our GPS receiver.
Solid tides: The Earth’s surface is under the effect of the gravitational field created by the
moon and the sun. Since, the earth surface changes its shape in function of its relative
position with sun and the moon. These changes can reach 25 cm, and can generate an
error in our positioning.
LEO: Low Earth Orbit is generally defined as an orbit within the locus extending from the
Earth’s surface up to an altitude of 2,000 km. Given the rapid orbital decay of objects
below approximately 200 km, the commonly accepted definition for LEO is between 160
and 2,000 km (100 and 1,240 miles) above the Earth’s surface. The sideways speed
needed to achieve a stable low earth orbit is about 7.8 km/s, but reduces with altitude.
WGS-84:The World Geodetic System is a standard for use in cartography, geodesy, and
navigation. It comprises a standard coordinate frame for the Earth, a standard spheroidal
reference surface (the datum or reference ellipsoid) for raw altitude data, and a gravitational
equipotential surface (the geoid) that defines the nominal sea level.
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